In 2010, China was responsible for nearly 20 percent of global energy use and 25 percent of energy-related carbon dioxide (CO 2 ) emissions. Unlike most countries, China's energy consumption pattern is unique because the industrial sector dominates the country's total energy consumption, accounting for about 70 percent of energy use and 72 percent of CO 2 emissions in 2010. For this reason, the development path of China's industrial sector will greatly affect future energy demand and dynamics of not only China, but the entire world. A number of analyses of historical trends have been conducted, but careful projections of the key factors affecting China's industry sector energy use over the next decade are scarce. This study analyzes industrial energy use and the economic structure of the Chinese manufacturing sector in detail. First, the study analyzes the energy use of and output from 18 industry subsectors. Then, retrospective (1995Then, retrospective ( -2010 and prospective (2010-2020) decomposition analyses are conducted for these industrial sectors in order to show how different factors (production growth, structural change, and energy intensity change) influenced industrial energy use trends in China over the last 15 years and how they will do so over the next 10 years.
The historical analysis results show that top energy-consuming subsectors such as smelting and pressing of ferrous metals, raw chemical materials and chemical products manufacturing, and non-metallic mineral product manufacturing use more energy per value added and comprise a large share of Chinese manufacturing primary energy use while having a much lower share of total manufacturing value added in 2010. In contrast, the electric and electronic equipment manufacturing, food, beverage and tobacco industry, and machinery manufacturing accounted for more than 1/3 of manufacturing value added while only consuming 8 percent of total Chinese manufacturing primary energy in 2010.
The decomposition analysis shows that both energy intensity reduction and changes in structure contributed to the reduction in energy use in Chinese manufacturing during the periods 1995-2000 and 2005-2010 . In all years, the activity effect increased overall energy use. Also in all years, the intensity effect reduced overall energy consumption, providing a counter-balance to the increased energy use due to increased activity. The structural effect also reduced overall energy consumption except during the period 2000-2005 when it caused an increase in manufacturing energy use primarily because the share of value added from top energy-intensive sectors like smelting and pressing of ferrous metals from total manufacturing value added increased during this period. The intensity effect during the 10 th FYP (2001 FYP ( -2005 is the smallest and slightly decreased primary energy use compared to the other periods with larger intensity effects. This was due to a very small decline in overall manufacturing energy intensity during this period because the energy intensity of some manufacturing subsectors, especially the top five energy-intensive manufacturing subsectors (except smelting and pressing of ferrous metals), either remained relatively steady or even increased in some cases.
The forward looking (prospective) decomposition analyses are conducted for three different scenarios. The three scenarios are defined based on different predicted average annual growth rates (AAGR) for value added for different manufacturing subsectors. The value added AAGRs in scenario 1 are mainly based on those provided by Chinese sources. In scenario 2 the value added AAGRs are based on Oxford Economics forecasts. In scenario 3 the value added AAGRs are based on expert judgment. 1 The analysis for [2010] [2011] [2012] [2013] [2014] [2015] [2016] [2017] [2018] [2019] [2020] shows that the activity effect is largest under scenario 1 because of the higher value added AAGRs assumed for manufacturing subsectors under this scenario. The structural effect, however, is largest in scenario 3 because the share of value added of energy-intensive subsectors such as smelting and pressing of ferrous metals and non-metallic mineral products sectors in total manufacturing value added in 2015 and 2020 are lower in scenario 3 compared to the other two scenarios.
The scenario analysis indicates that if China wants to realize structural change in the manufacturing sector by shifting from energy-intensive and polluting industries to less energy-intensive industries, the value added AAGRs to 2015 and 2020 should be more in line with those shown in scenario 3. The assumed value added AAGRs for scenario 3 are relatively realistic and are informed by possible growth that is foreseen for each subsector. Such structural change is also a result of shifts in demand for manufactured products. The government can influence demand for manufactured products indirectly, but only to some extent, and generally only temporarily. Hence, in addition to government policies in the past, the industrial structural change in China we have analyzed in this study are also caused by broad macroeconomic trends such as where a country is on the development path, emerging demand trends, and the country's economic comparative advantage in meeting different types of demand.
The results of this study will allow policy makers to quantitatively compare the level of structural change in the past and in the years to come and adjust their policies if needed to move towards the target of less energy-intensive industries. The scenario analysis shows the structural change achieved through different paths and helps to understand the consequences of supporting or limiting the growth of certain manufacturing subsectors from the point of view of energy use and structural change. The results point out the industries that have the largest influence in such structural change.
Introduction
In the last three decades, China has experienced unprecedented rapid economic growth with annual gross domestic product (GDP) growing at an average rate of 10 percent from 1980 to 2010 (NBS, 1981 (NBS, -2011 . China became the world's largest emitter of energy-related CO 2 in 2007 and the world's largest energy consumer in 2009 (IEA, 2011 . In 2010, China was responsible for nearly 20 percent of global energy use and 25 percent of energy-related CO 2 emissions followed by the U.S. who is responsible for 18 percent of global energy use and 18 percent of global energy-related CO 2 emissions in 2010 (IEA, 2011) .
Unlike most countries, China's energy consumption pattern is unique because the industrial sector dominates the country's total energy consumption, accounting for about 70 percent of energy use and 72 percent of CO 2 emissions 2 in 2010 (NBS, 2011a) . For this reason, the development path of China's industrial sector will greatly affect future energy demand and dynamics of not only China, but the entire world.
China's industrialization relies heavily on energy-intensive industries such as the iron and steel industry, the cement industry, non-ferrous metals, etc. This is mostly because of the massive amount of construction and infrastructure building during the last three decades. However, for many reasons such as energy scarcity and energy security, environmental concerns, and the relatively developed stage of urbanization and infrastructure building in the eastern regions, China would like to see more structural change away from polluting energyintensive industries to less-polluting and non-energy intensive industries. The Chinese government intensified its structural change policy in the 11 th Five-Year-Plan (FYP) (2006) (2007) (2008) (2009) (2010) and in the current 12 th FYP (2011 FYP ( -2015 . China aimed to increase the share of GDP from the tertiary sector 3 to 43.3 percent during the 11th FYP. By end of 2010, the share of tertiary sector in total GDP increased to 43.0 percent. However, contrary to the plan, the share of heavy industries in total industrial value added increased from 68.1 percent to 70.9 percent during the period 2006-2010. In the 12th FYP, China's goal is to increase the share of tertiary sector in national GDP by 4 percentage points compared to its share at the end of 2010 (Chinese Government Website, 2011 .
2 Carbon dioxide emissions were estimated based on reported energy data multiplied by IPCC default emission factors (NBS, 2011a; IPCC, 1996) . 3 The tertiary sector in China includes all other sectors that are not included in primary sector (farming, fishing, agriculture, forestry, etc.) and secondary sector (mining & quarrying, manufacturing and utilities supply). Hence, tertiary sector includes residential, commercial, transport, hotels, other services, etc.
A number of analyses of historical industrial energy use trends in China have been conducted (Wu 2012; Price et al. 2011; Ma and Stern 2008; Liu et al. 2007; Lin et al. 2006 ), but comprehensive analyses including all manufacturing subsectors and their role in historical energy use trends are scarce. More importantly, in the context of this study, careful projections of key factors affecting China's manufacturing sector energy use over the next decade are also rare. This study conducts such analyses.
Energy-to-GDP ratios have been widely used internationally to measure the energy efficiency performance of national economies, until a body of research exposed the limits of using this indicator (Schipper et al. 1992; Patterson 1993; Ang and Lee 1994; and IEA 2004) . Energy analysts demonstrated that factors other than energy intensity were also affecting changes in energy use; mainly the overall level of aggregate activity (the activity effect), and the composition of various activities within the economy (the structure effect). Techniques for factorization or decomposition analysis were developed to isolate the energy intensity effect in order to give a better estimate of energy efficiency improvements. Ang (2004) provides a complete review of the different aspects and evolution of these techniques. Ultimately, the more the effects affecting energy use are isolated the better is the estimate of energy intensity effect. However, available data to allow factorizing additional components of the decomposition analyses can be limited.
In 1997, the journal Energy Policy devoted a complete issue on the subject of decomposition analysis (vol 25, issue 7-9). For Schipper et al. (1997; , energy indicators describe the link between energy consumption and human activity. Several authors refer to an energy indicators pyramid to help conceptualize the level of energy efficiency considered (Worrell et al., 1997; Phylipsen et al., 1998; Schipper et al., 1997; APERC, 2001) . With each level of desegregation of indicators constructed, it is possible to isolate additional effects that influence energy consumption.
This study first analyzes China's past manufacturing energy use trends and also makes projections for manufacturing energy use and value added up to 2020 for each manufacturing sub-sector. Then, it uses decomposition analysis to quantify the effects of various factors in shaping energy consumption trends in the past and in the near future. Decomposition analysis has been employed by many energy analysts since the early 1990s. By indexing certain drivers to a base year value, this analysis approach shows how energy consumption would have changed had all other factors been held constant. Decomposition analysis is used to understand the drivers of energy use as well as to measure and monitor the performance of energy-related policies. The unique feature of decomposition analysis is that it provides macro results based on myriad detailed energy indicators. This gives policy makers quick access to findings from technical data. Most countries of the Organization for Economic Cooperation and Development (OECD) use decomposition analysis to understand their energy use and assess the progress of their energy policies. Reviews of decomposition analysis used at the national and international level include de la Rue du Can et al. (2010) and Liu and Ang (2003) .
Decomposition of past trends helps modelers to accurately project future changes in energy use. For example, decomposition allows separate modeling of structural and intensity trends and combining of their effects to improve the accuracy of estimates of future energy demand. Projection and decomposition of future trends will help analyst and policy makers to estimate how the energy use will change over years in the future and how much of the change re likely the result of energy efficiency policies and how much from structural change policies. This can help them to adjust their policies if needed to meet the certain target (e.g. 12 th FYP energy intensity reduction target in China).
This paper presents an analysis of energy use and value added trends of the Chinese manufacturing sector in the past, assumptions and future projections of energy use and value added for each manufacturing sub-sector, and a decomposition analysis to quantify the effects of various factors in shaping the trends in manufacturing energy consumption in the past and the near future up to 2020. Other industries 4 In Chinese statistics, the term "industry" refers to manufacturing as well as mining of coal and minerals, oil and gas extraction, power generation, and production and distribution of water. These subsectors of industry (other than manufacturing) are not included in the present study.
Methodology

Forecasting Chinese manufacturing energy use and value added
Historical primary energy use (1995 -2010) and value added (1995 -2007) data for industrial subsectors used this analysis were obtained from various years of the China Energy Statistical Yearbook (NBS, 1996 (NBS, -2011 and the Annual China Industry Economy Statistical Yearbook (NBS, 1981 (NBS, -2011 , respectively.
For primary energy use reported by NBS (1996 NBS ( -2011 , electricity use is converted from final to primary energy using the average power generation efficiency in China in various years. The losses in refining of petroleum products and for production of coke are not included in the primary energy values reported by NBS (1996 NBS ( -2011 .
Value added data for manufacturing subsectors have not been reported since 2007. Thus, value added for 2008-2010 for manufacturing subsectors was calculated using the officially released annual average growth rate of value added for manufacturing subsectors for these three years (NBS 2009 (NBS , 2010 (NBS , 2011b . The sum of value added of all manufacturing subsectors calculated in this way for these three years is equal to the aggregate data reported in NBS c. Scenario 3 (Experts Judgment): In this scenario the assumptions on value added AAGR were mostly based on expert judgment. The expert judgment was informed by national level GDP forecast data and the predicted share of total GDP of the industry sector in the national GDP in 2015 and 2020 as well as by the data used in scenario 1 and scenario 2. In particular scenario 3 tends to take into account the Chinese Government policy to shift the structure of industry away from heavy and energy-intensive industries toward lighter and less energy-intensive industries with higher value added as well as the policy to "rebalance" the economy, which focuses on greater reliance on domestic demand, as opposed to new fixed-asset investment and exports, to drive economic growth. The value added for each manufacturing subsector was calculated under each scenario separately using different AAGR assumptions given in Table 2 for each scenario. It should be noted that all value added data and their shares presented in this report are in constant 2005 prices; thus, the shares of value added given for manufacturing or each subsector might be slightly different from the shares calculated using value added data in current prices.
7. The assumptions on primary energy intensity reduction of manufacturing subsectors were mostly based on the forecast given in the series of Key Development Targets for Industries during 12 th FYP published by the Chinese Ministry of Industry and Information Technology (MIIT 2012a-n; MIIT 2011a-g). Some subsectors (e.g. smelting and pressing of non-ferrous metals, manufacturing of metal products, manufacturing of machinery, and manufacturing of transport equipment) were not included in this report (MIIT 2012a-n; MIIT 2011a-g). For these subsectors China's overall national cumulative energy intensity reduction target during 12 th FYP set by the Chinese government, which is 16 percent compared to the 2010 level, is used. 8. Having the forecast of value added and primary energy intensity calculated for each manufacturing subsector, we can calculate the primary energy use of each subsector in 2015 and 2020 using equation 1. Since we calculated value added for three different scenarios, we will also have three scenarios for the primary energy use forecast.
5 The 16 percent reduction in energy intensity for these subsectors during 12 th FYP is rather a conservative assumption. However, if the energy intensity reduction in this period is assumed to be 20 percent instead for these subsectors, the impact on the overall manufacturing primary energy use is minimal (around 1 percent decrease compared to 16 percent assumption) because these subsectors cumulatively only represent less than 20 percent of the total manufacturing primary energy use.
Decomposition analysis method
A decomposition analysis separates the effects of key components on energy end-use trends over time. Three main components that are usually considered in a decomposition analysis are: 1) aggregate activity, 2) sectoral structure, and 3) energy intensity. The IEA defines these three components as (Unander et al., 2004 (2003) explain eight different methods for decomposing the aggregate energy intensity of industry into the impacts associated with aggregate activity, sectoral structure, and energy intensity. They argue that the choice of method can be influenced by limitations such as the data set (e.g., whether or not there are negative values) and the number of factors in the decomposition. Ang et al. (2010) propose the use of the Logarithmic Mean Divisia Index (LMDI) method, which is recognized as superior in comparative studies such as Liu and Ang (2003) . One of the LMDI method's main advantages compared to other widely used decomposition methods such as the Laspeyres method is that LMDI leaves no residual term, which in other methods can be large and affect the results and their interpretation. Two types of decomposition can be performed with LMDI: additive and multiplicative (Ang, 2005) . The additive LMDI approach is easier to use and interpret, and its graphical results show effects in a clearer way than is the case for multiplicative analysis. The LMDI method can also be used for both changing and non-changing analysis. Changing analysis is based on yearly evaluations, and non-changing analysis is based on evaluation for a base-year period and an end-year period. For this study, the authors used additive LMDI decomposition analysis with non-changing analysis. Nonchanging decomposition is used because for future projections changing analysis (which requires annual data) is less relevant and non-changing analysis with a 5-year period is more appropriate since the AAGR forecast of value added for manufacturing sub-sectors is given in 5-year terms. The energy intensity reduction forecasts are also cumulative over the 5-year periods.
Ang (2005) provides practical guidelines for using the LMDI method. The formulas used in the additive LMDI method for decomposing energy use into activity, structural, and energy intensity effects are shown below (Ang, 2005) :
Where: i: subsector T: last year of the period T=0: base year of the period E: total energy consumption ΔE tot : aggregate change in total energy consumption
The subscripts "act," "str," and "int" denote the effects associated with the overall activity level, structure, and sectoral energy intensity, respectively.
S i = Q i /Q : activity share of sector i (11) I i = E i /Q i energy intensity of sector i
In decomposition analysis, energy intensity is often calculated based on economic output. This is because such analysis requires that the energy intensity and output of different manufacturing subsectors be added together (see Equation 3-7); to make this addition possible, the same unit must be used for the output of all subsectors. Moreover, data on physical output can prove challenging to gather for all industrial subsectors.
In this study we conduct a retrospective decomposition analysis of China's manufacturing sector using historical data from 1995 to 2010. In addition, we conduct a prospective decomposition analysis using forecast data calculated based on the method explained above.
We conducted the decomposition analysis for each of the three scenarios explained in section 2.1., separately. This shows how different assumptions regarding the value added AAGR of manufacturing subsectors will affect the decomposition results.
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Results and Discussion
In this section, we first present an analysis of historical as well as forecasted energy use and value added of Chinese manufacturing subsectors. Then, retrospective and prospective decomposition analysis results are presented. [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] . This rate of increase is 2.8 times higher than the rate of increase in primary energy use, which increased by 137 percent over the same period. Smelting and pressing of non-ferrous metals had the largest increase in value added during 1995-2010 with an 808 percent increase, while petroleum refining, coking, processing of nuclear fuel had the lowest increase in value added among all other subsectors with only 183 percent during the same period. Overall, the value added of all subsectors increased during this period. Figure 1 shows that electric and electronic equipment manufacturing, food and beverage production, and the textile industry had the highest value added during the period 1995-2010. Figure 2 shows that these sectors thus have the largest contribution to the total manufacturing value added in that period. Manufacturing of furniture, printing and publishing, and processing of timber, manufacturing of wood, bamboo, etc. subsectors have the lowest share of total manufacturing value added.
Between 1995 and 2010, there was no major shift between shares of value added among the subsectors. However, even a minor few percentage change in the share of value added of high energy-intensive sectors (e.g. smelting and pressing of ferrous metals) or low energy-intensive sectors (e.g. electric and electronic equipment manufacturing) can have significant impact in decomposition analysis, especially on the structural effect. This is discussed in more detail in section 3.2. Table 3 shows the total manufacturing value added AAGR and share of manufacturing value added from China's total GDP under each scenario. It shows that scenario 1 has the highest AAGR for overall manufacturing value added, whereas scenario 3 has the lowest AAGR for manufacturing value added. This is clearly the result of value added AAGR assumed for manufacturing subsector under these two scenarios. Another interesting observation is that the share of manufacturing value added from China's total GDP is increasing under scenario 1 and scenario 2 and is decreasing under scenario 3 at the end of both periods. The results for scenario 3 are more in line with China's national policy to reduce the share of manufacturing from China's total GDP during the 12 th FYP and the 13 th FYP. 1995 (NBS, 1981 -2011 Note: All value added data and their shares presented in this report are in constant 2005 prices; thus, the shares of value added given for manufacturing or each subsector might be slightly different from the shares calculated using value added data in current prices. Figure 2 . Share of each manufacturing subsector value added of the total value added of manufacturing in China, 1995 (NBS, 1981 -2011 Underlying the manufacturing value added AAGR trends are the demand drivers for Chinese manufactured products. During 2000-2010 strong growth in exports and in fixed asset investment (infrastructure, housing, and new production capacity) drove much of the boom in manufactured product output, although growth in domestic consumption also was important. For example, during 2001-2010, the demand drivers mentioned above drove steel production (in tonnes) to increase by about five times and cement production by more than three times. As a result, China's industrial economy in 2010 did not have the same character and balance as in the more mature large industrial countries. Some economists consider this only a part of the long-term transition of China to a more mature industrialized economy. Also, some experts believe that natural limitations on how much growth can be derived from increasing manufactured exports and large increases every year in infrastructure and fixed asset investment have been peaked. 8 For the future, continued growth from increasing domestic consumption is possible especially because China's per capita consumption of relatively high-value added manufactured goods is still low compared to the per capita consumption of such goods in the developed countries. In the future, less demand pull from increases in manufactured exports or in fixed asset investment is expected compared to the past. Hence, we expect slower overall growth in industrial production and a shift in the structure of new demand for manufactured products more towards domestic (household) consumption.
Primary energy intensity trends
For past years (1995-2010), primary energy use was divided by the value added (in 2005 constant prices) of each subsector to determine the total primary energy intensity for each subsector. For future years (2015 and 2010), the energy intensity of manufacturing subsectors was calculated using equation 4 and 5 in section 2.1. The results of the energy intensity calculations are shown in Figure 3 and Figure 4 . Figure 3 shows that during 1995-2010, smelting and pressing of ferrous metals had the highest primary energy intensity followed (in most years) by nonmetallic minerals and chemical industry. In several years during this period (e.g. 2008-2010), petroleum refining and coking industry overtook chemical industry and had higher energy intensity. The lowest primary energy intensity in 2010 was for manufacturing of furniture and the second-lowest was for electric and electronic equipment manufacturing. Manufacturing of medicines and manufacturing of furniture showed the greatest drop in primary energy intensity from 1995 to 2010, while petroleum refining and coking and manufacturing of metal products showed the lowest drop of primary energy intensity in the same period. contribute the most to achieving this reduction target because it accounts for around 70 percent of primary energy use in China and significant energy efficiency potential exists in the industrial sector. Thus, the higher rate of energy intensity reduction (20 percent reduction compared to national target of 16 percent reduction) for the overall manufacturing sector in China derived from our bottom-up, sub-sector level calculations is acceptable.
Primary energy use trends
Using the value added and primary energy intensity presented above for each manufacturing subsector, we calculated the primary energy use of each subsector in 2015 and 2020 using equation 1. Since we have three different scenarios for future subsector value added, we have 9 In primary energy use reported in NBS (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) , electricity use is converted from final to primary energy using average power generation efficiency in China in various years. The losses in the refining for the production of petroleum products and in coke making for production of coke are not included in the primary energy reported in NBS (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) . , 1995 , (NBS, 1996 , -2011 10 In primary energy use reported in NBS (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) , electricity use is converted from final to primary energy using average power generation efficiency in China in various years. The losses in the refining for the production of petroleum 
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Furniture Figure 6 shows that under all three scenarios, the share of the smelting and pressing of ferrous metals subsector in total primary energy use of the manufacturing declines; the drop is from 31 percent in 2010 to 27 percent in 2020 under scenario 1 and scenario 2 and to 26 percent under scenario 3. This is because smelting and pressing of ferrous metals is an energyintensive sector (Figure 3 and Figure 4 ) and the small reduction in the share of this subsector's value added in total manufacturing value added from 9 percent in 2010 to 6-7 percent in 2020 under different forecast scenarios will significantly influence the primary energy use of this sector.
On the other hand, the share of raw chemical material and chemical product manufacturing in total primary energy use increases from 16 percent in 2010 to 20 percent in 2020 under all three scenarios. This is primarily because of a slight increase in the share of value added of this subsector in total manufacturing value added between 2010 and 2020 ( Figure 2 ). Since raw chemical material and chemical product manufacturing is an energy-intensive sector ( Figure 3 and Figure 4 ), even such a slight increase in the share of value added of this subsector results in a more significant increase in the share of energy use of this sector from total manufacturing primary energy use. The overall value added of Chinese manufacturing increased significantly during 1995-2020 (e.g. by 952 percent under scenario 2), while the overall primary energy use of the manufacturing sector increased by much lower rate in the same period (e.g. by 240 percent under scenario 2). These trends resulted in a decrease in overall manufacturing energy intensity over the period of 1995-2020 (e.g. by 68 percent under scenario 2). Figure 7 shows products and in coke making for production of coke are not included in the primary energy reported in NBS (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) What effects shaped this decrease in the past and what will likely play an important role in the future? Is it or will it be the result of reduced energy intensity of industries or of increasing shares of low-energy-intensive industries? The retrospective and prospective decomposition analysis described in the following sections helps to answer these questions. Figure 7 . Trends in Chinese manufacturing value added, primary energy use, and primary energy intensity indexes (1995 value = 100) between 1995 and 2020 under scenario 2
Decomposition of Chinese manufacturing energy use
A LMDI decomposition analysis was performed for the Chinese manufacturing sector for five time periods : 1995-2000, 2000-2005, 2005-2010, 2010-2015, and 2015-2020 . These five periods were chosen based on the Chinese government Five Year Plan periods. Each FYP period is associated with a set of Government policies that affect manufacturing energy intensity. Starting in the 11 th FYP, specific policies, programs, incentives, and targets were established with the stated intent of reducing China's overall energy intensity and a substantial share of these were focused on reducing manufacturing energy intensity.
It should be noted that the initial year in each period in this decomposition analysis is used as the base year for value added and energy use data. Thus, the decomposition for each period shows the subsequent change compared to the initial year for that period. For example, the decomposition analysis for 1995-2000 shows the changes in primary energy use and influential factors in 1996-2000 (9 th FYP) compared to the primary energy use in 1995.
Similarly, the decomposition analysis for 2000-2005, 2005-2010, 2010-2015, and 2015-2020 show the changes in primary energy use and influential factors during 10 th , 11 th , 12 th , and 13 th FYP, respectively.
As explained in the methodology section, additive non-changing decomposition analysis was used. Since there are three different scenarios for value added forecast data for 2015 and 2020 which subsequently results in three different primary energy use forecasts for manufacturing subsectors for these two years, we conducted the decomposition analysis for each scenario separately. It should be noted that the results of the decomposition analysis of historical data (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) are the same across all scenarios and only the results of decomposition for future years (2010-2015 and 2015-2020) vary across the three scenarios because of different assumptions used for subsector value added growth rates (see Table 2 ).
Figures 8-10 show the results of the additive non-changing decomposition analysis of total primary energy use for Chinese manufacturing for the time periods mentioned above under each scenario, separately. During the 11 th FYP (2005 FYP ( -2010 , the activity effect increased manufacturing energy use by 27,379 PJ (934 million tce, Mtce) due to high value added output from manufacturing. However, the structural effect slightly reduced manufacturing primary energy use in this period by 1,081 PJ (37 Mtce). After the intensity effect, which also reduced primary energy use by 12,281 PJ (419 Mtce), is taken into account, the total change in Chinese manufacturing primary energy use during 11 th FYP was equal to an increase of 14,017 PJ (478 Mtce). Since this sector has the highest energy intensity among all other sectors, such a seemingly small change in its share of value added in total manufacturing value added can significantly impact the structural effect in the decomposition analysis. The same issue is applicable to raw chemical materials and chemical products manufacturing which is one of the top three energy-intensive industries in China; a slight increase in its share from total manufacturing value added (from 7 percent in 2000 to 8 percent in 2005) can result in a positive increase in the structural effect. However, this might partly be compensated by the non-metallic mineral products sector which is also a top energy-intensive sector, yet its share of total manufacturing value added dropped slightly from 6 percent in 2000 to 5 percent in 2005. The intensity effect during the 10 th FYP (2000 FYP ( -2005 is the smallest compared to the other periods because of a very small decline in overall manufacturing energy intensity during this period. This was primarily because the energy intensity of some manufacturing subsectors, especially the top five energy-intensive manufacturing subsectors (except smelting and pressing of ferrous metals), either remained relatively steady or even increased in some cases (Figure 3 ). For example, primary energy use of the non-metallic mineral product sector increased by 55 percent during 2000-2005, while its value added only increased by 45 percent in the same period. This resulted in increased primary energy intensity for this sector in this period. Such an increase in energy intensity in several manufacturing subsectors was due to the sudden boom in production capacity and construction of manufacturing plants and the rapid increase in production without enough attention to energy efficiency. Later in the 10 th FYP period and especially during the 11 th FYP, in an attempt to control the energy intensity of manufacturing, the Chinese government implemented series of policies and programs to reduce the energy intensity of manufacturing sectors, especially the energy-intensive industries. Programs like the "Top-1000 Enterprises Energy Saving Program" and the "10 Key Energy Saving Projects Program" implemented during the 11 th FYP substantially helped to control the energy intensity of the manufacturing (Price et al. 2011) .
For the 12 th FYP and 13 th FYP, the results of the decomposition analyses show a similar pattern across the scenarios but with different magnitudes for various effects. The differences between the three scenarios and the primary reasons for such differences can be summarized as:
 In the 12 th FYP and 13 th FYP, the activity effect is largest in scenario 1 and smallest in scenario 3. This is directly because of the higher value added AAGRs assumed in scenario 1, which are mostly based on Chinese reported data, and the lower value added AAGRs assumed in scenario 3, which are mostly based on expert judgment informed by various sources of information and taking into account China's overall GDP growth rate and the expected share of industry from China's overall GDP in 2015 and 2020.
 In the 12 th FYP and 13 th FYP, contrary to the activity effect, the structural effect is largest (in negative value) in scenario 3. This is primarily because of the fact that the share of value added of smelting and pressing of ferrous metals and non-metallic mineral products sector, which were the two top energy-intensive sectors, in total manufacturing value added in 2015 and 2020 declined the most in scenario 3 when compared to the 2010 shares. In other words, the share of these two sectors in total manufacturing value added in 2015 and 2020 is lower in scenario 3 compared to scenarios 1 and 2 (see Figure 2) . This is the result of our assumptions on value added AAGRs for different subsectors (Table 2) . In scenario 3, we assumed a further shift from energy-intensive industries to non-energy intensive industries by assuming lower value added AAGRs for the energy-intensive sectors and higher value added AAGRs for the less energy-intensive sectors. This is necessary if China wants to adjust the structure of its manufacturing and move towards less energy-intensive and lower polluting manufacturing.
 In the 12 th FYP and 13 th FYP, the intensity effect is almost in the same range across all three scenarios, with scenario 1 having slightly greater (in negative value) energy intensity effect. This is mainly because we assumed a similar energy intensity reduction rate during the 12 th FYP and 13 th FYP for all three scenarios ( Table 2 ). The slight differences between intensity effects across scenarios comes from the differences in absolute energy use in manufacturing subsectors in 2015 and 2020 under each scenario which is the result of different value added AAGR assumptions.
As can be seen in equation 9, absolute energy use of a manufacturing subsector plays a role in the calculation of the intensity effect in addition to the energy intensity of the subsectors. Nonetheless, the intensity effect plays a significant role in reducing primary energy use during the 12 th FYP and 13 th FYP. This is primarily because of aggressive policies by the Chinese government to reduce the energy use per value added of the manufacturing sector. The "Top-1000 Enterprises Energy Saving Program" and the "10 Key Energy Saving Projects Program" implemented during the 11 th FYP have both been extended to the 12 th FYP with the Top 1000 program expanding to the "Top-10,000 Enterprises Energy Saving Program". These programs along with other policies and incentives are helping to reduce the energy intensity of the manufacturing in China; hence we see a strong intensity effect in the decomposition analysis.
Breaking down the decomposition analysis results by industrial subsectors shows the contribution of each subsector to the overall results. Figure 11 shows the results of the analysis for scenario 3 for the period of 2010-2020 for the decomposition analysis by subsector. Similar results for scenario 1 and scenario 2 are presented in Appendix 1.
In scenario 3, the activity effect is positive and the intensity effect is negative for all subsectors during the 2010 to 2020 period. The structural effect varies by subsectors, with most showing a negative trend while a few show a positive trend, indicating that structural change within subsectors is highly variable.
The main positive increases in the structural effect were for raw chemical materials and chemical products manufacturing, electric and electronic equipment manufacturing, and the machinery industry. This implies that the share of these three industries in total manufacturing value added increased from 2010 to 2020. The largest negative values in the structural effect come from non-metallic mineral products, smelting and pressing of ferrous metals, smelting and pressing of non-ferrous metals, petroleum refining and coking, and the textile industry. This means the share of these industries in total manufacturing value added decreased from 2010 to 2020.
All manufacturing subsectors have negative intensity effects. This confirms that the primary energy intensity of all subsectors is projected to decrease in the year 2020 compared to energy intensities in 2010. There are number of limitations and sources of uncertainty in this study and most other studies that try to forecast the future value added for manufacturing subsectors as well as their future energy intensities. For example, the projected value added AAGRs as well as the energy intensity reduction rates between 2010 and 2020 given in Table 2 are a source of uncertainty. Even so, the scenario development and decomposition analysis in this study can help to understand how changes in value added AAGRs can affect overall energy consumption in the future. Therefore, the result of such studies should be reviewed and interpreted with caution keeping in mind the limitations and uncertainties.
Conclusions
In this study, a bottom-up analysis of the energy use of Chinese manufacturing is performed using data at the subsector level. Both retrospective and prospective analyses are conducted in order to assess the impact of factors that influence the energy use of the manufacturing sector in the past (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) and estimate the likely impact in the future (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) (2018) (2019) (2020) The three scenarios produced for the forward looking (prospective) decomposition analysis for 2010-2020 show a similar pattern for different effects with only varying magnitudes for each effect across the scenarios. The activity effect is largest under scenario 1 because higher value added AAGRs are assumed for the manufacturing subsectors under this scenario. The structural effect, however, is largest in scenario 3 because the share of value added of energyintensive subsectors such as smelting and pressing of ferrous metals and non-metallic mineral products sectors in total manufacturing value added in 2015 and 2020 is lower in scenario 3 compared to other two scenarios.
The scenario analysis indicates that if China wants to shift from energy-intensive and polluting industries to less energy-intensive industries, the value added AAGRs during 12 th and 13 th FYP should be more in line with scenario 3. The assumed value added AAGRs for scenario 3 are informed by possible growth rates that are foreseen for each subsector. Such structural change is also a result of shifts in demand for manufactured products. The government can influence demand for manufactured products indirectly, but only to some extent, and generally only temporarily. For example, the government can spur immediate demands for manufactured products for infrastructure projects by creating a large stimulus package of public sector infrastructure projects. But, in the end, this is limited and only temporary, as the government funding is limited. More importantly, the needs of the economy for infrastructure at a given time are also limited. If investments in infrastructure begin to get increasingly out of balance with what the economy needs, investments become increasingly wasteful and uneconomic. Hence, in addition to government policies in the past, the industrial structural change in China we have analyzed in this study are also caused by broad macroeconomic trends such as where a country is on the development path, emerging demand trends, and the country's economic comparative advantage in meeting different types of demand.
The results of our analysis also show that the intensity effect always reduces primary energy use during the study period. This could be for various reasons including aggressive policies and programs to reduce energy intensity, fiscal incentives given by the Chinese government for energy efficiency projects (e.g. the 10 Key Energy Saving Projects Program), modernization of the industry and phasing out of the inefficient, backward technologies, increased energy prices, etc. These reasons along with other influential factors have continued pressuring industries to improve energy efficiency to comply with regulations and to reduce costs. This is likely to continue up to 2020 and perhaps beyond. It should also be noted that the intensity effect in the decomposition analysis includes two components: 1. changes in the physical energy use per unit of production and 2. changes in the structure within each subsector to lower energy intensive or high value added production. For example, the food and beverage subsector has many further subsectors that produce various products with different energy intensities. Each of the manufacturing subsectors shown in Table 1 have several different subsectors and production processes that produce different types of products with various energy intensities. Structural change within subsectors can have a large effect on subsector energy use per value added. However, because of a lack of further disaggregated energy use and value added data, we are unable to quantify intra-subsector structural change.
More research is needed to determine the best indicators of energy use for each manufacturing subsector. Energy intensities expressed in terms of physical or monetary output can produce different results. For complex and heterogeneous industries, more disaggregate data may be required to develop meaningful indicators of energy efficiency.
There is no direct way of measuring energy savings. Hence, one must rely on a series of indicators to infer changes in energy use. Many countries have developed indices of energy efficiency performance for monitoring purposes, and, increasingly, as a basis for policy making. Theses indices are based on energy intensity effects calculated at a disaggregated level but summarize results at more aggregate levels. The purpose of these indices is to provide a quick assessment tool for policy makers based on meaningful analysis. This study's research on decomposition analysis can serve as the starting point in developing similar indices for China. Ultimately, this index could be used as a performance index to measure progress in overall energy efficiency in China. (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) , electricity use is converted from final to primary energy using average power generation efficiency in China in various years. The losses in the refining for the production of petroleum products and in coke making for production of coke are not included in the primary energy reported in NBS (1996 NBS ( -2011 
